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Introduction
Probiotic microorganisms are extensively studied 
and implemented in a wide range of applications such as 
prevention of food poisoning or treatment of certain gas-
trointestinal disorders (1–4). They are defi ned as live mi-
croorganisms which when administered in adequate 
amounts confer a health benefi t on the host (5). One of the 
most frequent functional properties for probiotics con-
cerns the putative reduction and prevention of infectious 
disease in the gastrointestinal tract (1,2). Human gastroin-
testinal tract houses countless bacterial species (6) and 
benefi cial role of intestinal microbiota is still intensively 
investigated. Probiotic microorganisms react to intestinal 
pathogens by producing antibacterial compounds such as 
organic acids, hydrogen peroxide, diacetyl, bacteriocins 
and antimicrobial peptides, with a variable spectrum of 
action (7,8). They can induce changes in enzyme activity, 
compete for nutrients and adhesion sites and/or increase 
levels of antibody and macrophage activity (9).
While selecting a preferable probiotic strain several 
aspects of functionality have to be considered such as tol-
erance to human gastric juice and bile tolerance as an im-
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Summary
The benefi ts of probiotic bacteria have been widely explored. However, fermented 
foods and digestive system of humans and animals are an inexhaustible source of new po-
tentially probiotic microorganisms. In this study we present three new Lactobacillus planta-
rum strains isolated from diﬀ erent dairy products: cow′s cheese, sheep′s cheese and whey. 
In order to determine the antibacterial activity of yet unexplored L. plantarum strains 
against Salmonella enterica serotype Typhimurium, in vitro competition and co-culture tests 
were done. Furthermore, adhesion of these strains to Caco-2 cells and their infl uence on 
the adhesion of Salmonella were tested. Results showed the potential probiotic activity of 
isolated strains. L. plantarum strains survived in the presence of 1 % bile salts, they pos-
sessed acidifi cation ability, antibacterial activity and signifi cantly att enuated the growth of 
S. Typhimurium in brain heart infusion broth. All tested L. plantarum strains were able to 
adhere to Caco-2 cells and signifi cantly impair the adhesion of S. Typhimurium. All three 
L. plantarum strains exhibited signifi cant probiotic potential and anti-Salmonella activity; 
therefore, further testing on in vivo models should follow.
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portant property for survival in the small bowel (10). An-
other important criterion for selecting probiotic strains is 
adherence to intestinal epithelium. This is a crucial step in 
colonisation of the gastrointestinal tract and is important 
for competitive exclusion of enteropathogens (11,12). An 
important feature is also antagonistic activity against gut 
pathogens such as Helicobacter pylori, Salmonella spp., Lis-
teria monocytogenes and Clostridium diﬃ  cile (13–15).
Salmonella enterica serotype Typhimurium (S. Ty-
phimurium), belonging to the diverse Salmonella genus, 
is one of the leading causes of self-limiting non-typhoi-
dal gastroenteritis in humans. Most infections arise from 
oral ingestion of contaminated food or water (16,17). Ad-
hesion to mammalian epithelial cells is a crucial step for 
bacteria to colonise the gastrointestinal tract. Epithelial 
cells of gastrointestinal tract are protected from patho-
genic bacteria by several mechanisms exerted by com-
mensal microbiota: competition for adhesion sites, and 
production of components with antimicrobial activity 
(18,19). The initial step of adhesion of Salmonella spp. is 
mediated by bacterial fi mbriae which recognise certain 
receptors on eukaryotic cells (20). Salmonella enterica is 
known to adhere to and invade intestinal cells, including 
Caco-2 cells (21). Several studies indicate that diﬀ erent 
Lactobacillus strains could inhibit the adhesion of Salmo-
nella and some other diarrhoeagenic bacteria (Escherichia 
coli, Yersinia pseudotuberculosis and Listeria monocytogenes), 
thus reducing colonisation and preventing infection 
(22,23).
The most commonly used probiotic microorganisms 
include various species of genera Lactobacillus and Bifi do-
bacterium (24). Bacteria in genus Lactobacillus are aero- 
-tolerant anaerobic, catalase-negative, rod-shaped lactic 
acid bacteria. Several strains of the genus Lactobacillus 
possess probiotic properties. The production of lactic 
acid together with some other products, like bacteriocins 
is responsible for the antimicrobial activity of these bac-
teria (25,26).
The objective of the present study is to test the eﬀ ect 
of three potentially probiotic Lactobacillus plantarum strains 
isolated from traditional dairy products against the gut 
pathogen Salmonella enterica serotype Typhimurium.
Identifi cation of L. plantarum strains was performed 
by classical biochemical and microbiological methods. 
Furthermore, viability of strains in the presence of bile 
salts, acidifi cation ability, antimicrobial and anti-adhesion 
activity were examined.
Materials and Methods
Bacterial strains and growth conditions
Three Lactobacillus plantarum isolates (strain A isolat-
ed from homemade cow′s cheese, strain B from home-
made sheep′s cheese and strain S1 from whey), L. planta-
rum ATCC 1804 and clinical isolate of Salmonella enterica 
serotype Typhimurium 3064 were obtained from the cul-
ture collection of Faculty of Food Technology and Bio-
technology, University of Zagreb, Croatia. All tested bac-
teria were stored at –80 °C in 30 % glycerol broth. 
Lactobacilli were grown in de Man, Rogosa and Sharpe 
(MRS) broth (Biolife Italiana Srl, Milan, Italy) in micro-
aerophilic atmosphere (5 % CO2) for 24 h at 37 °C. A cul-
ture of S. Typhimurium was prepared in nutrient or brain 
heart infusion (BHI) broth (Biolife Italiana Srl), and the 
number of bacteria was determined by plate counting on 
Salmonella Shigella (SS) agar (Biolife Italiana Srl) or Luria- 
-Bertani (LB) agar (Biolife Italiana Srl). The number of bac-
teria in the inoculum was determined photometrically at 
λ=600 nm and the absorbance (A) was set to 1, corespond-
ing to a concentration of 109 CFU/mL.
Human intestinal cells
In order to examine bacterial adhesion to human in-
testinal cells, human colon adenocarcinoma cell line 
Caco-2 was used. Caco-2 cells were cultured in liquid nu-
trient Dulbecco’s Modifi ed Eagle medium (DMEM; Lonza 
Group Ltd., Verviers, Belgium) suplemented with 10 % 
foetal calf serum (FCS), 2 mmol/L of l-glutamine, 100 U/
mL of penicillin and 100 μg/mL of streptomycin (Lonza 
Group Ltd.), at 37 °C in the CO2 incubator MCO-20AC 
(Sanyo, Osaka, Japan). For the adherence assays, Caco-2 
monolayers were prepared in 24-well tissue culture plates 
(TPP, Trasadingen, Switzerland). Cells were seeded at 
concentration of 2.5·105 cells/mL and incubated until the 
confl uence was obtained. The culture medium was re-
placed by DMEM without any supplements at least 1 h 
prior to the adhesion experiments.
Characterisation of potential probiotic strains
MALDI-TOF MS analysis
Matrix-assisted laser desorption/ionisation time-of- 
-fl ight mass spectrometer (MALDI-TOF MS; Bruker Dal-
tonik GmbH, Bremen, Germany) was used for identifi -
cation of potential probiotic strains aft er biochemical 
identifi cation by API test (bioMérieux, Marcy l’Etoile, 
France). Samples were prepared according to the manu-
facturer’s recommendation using a Microfl ex LT™ instru-
ment (Bruker Daltonik). For the identifi cation, the peaks 
from the generated mass spectrum were compared with 
reference spectra of the integrated database using MALDI 
Biotyper soft ware package (Bruker Daltonik GmbH).
Viability of the cells in the presence of bile salts
Resistance to bile salts was tested according to Babić 
et al. (3). Briefl y, BHI broth was prepared by the addition 
of 1 % (mass per volume) of bile salts (LP0055; Oxoid 
LTD, Basingstoke, UK). Overnight bacterial cultures were 
adjusted to initial A600 nm=0.2 in BHI broth with bile salts. 
Aft er incubation with agitation at 37 °C for 24 h, bacterial 
growth was measured using a photometer (Biophotome-
ter, Eppendorf, Hamburg, Germany) at λ=600 nm.
The acidifi cation ability of Lacobacillus isolates
The ability of the isolates to reduce the pH of the me-
dium was tested by overnight incubation of cultures at 37 
°C with agitation in BHI and MRS broths, as well as in 
BHI broth with 1 % bile salts. Initial pH of the media was 
7.2 (BHI broth), 6.5 (MRS broth) or 7.2 (BHI broth with 1 
% bile salts).
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Functional characterisation of Lacobacillus isolates
Agar well diﬀ usion assay
Antibacterial activity of cell-free culture supernatants 
(CFS) of L. plantarum strains was examined by the agar 
well diﬀ usion assay as described by Bilkova et al. (27). 
Culture supernatants were prepared by cultivation of lac-
tobacilli in MRS broth overnight at 37 °C in microaero-
philic atmosphere (5 % CO2) and the cells were removed 
by centrifugation at 2000×g for 10 min. The supernatants 
were sterile-fi ltered through mixed cellulose ester mem-
brane fi lter with 0.22-μm pores (Merck, Darmstadt, Ger-
many). The equal fractions of the supernatant were ad-
justed to neutral pH=7.0 by adding 1 M NaOH and/or 
heat treated (5 min at 100 °C). S. Typhimurium was dilut-
ed in physiological saline (McFarland No. 1; Densimat, 
bioMérieux) and spread on the surface of Müller Hinton 
(MH) agar (Oxoid Ltd.). Aft er absorption wells of 5 mm 
in diameter were made with a sterile cork borer, portions 
of 50 μL of each untreated and treated CFS were added. 
The plates were left  undisturbed for two hours and incu-
bated for 24 h at 37 °C, when the inhibition zones were 
measured.
Co-culture assay
Co-culture assay is a method for determination of an-
timicrobial eﬀ ect of probiotic lactobacilli (28). Bacteria, 105 
CFU/mL of Lactobacillus and 104 CFU/mL of S. Typhimuri-
um (a ratio of 10:1), were co-incubated in BHI broth for 24 
h at 37 °C. The control was the monoculture of S. Ty-
phimurium. The number of Salmonella was determined by 
plate counting on LB agar. Experiments were carried out 
in triplicates. The inhibition was calculated using the fol-
lowing equation:
  /1/
Adhesion assay
Adhesion of L. plantarum strains to Caco-2 cells
The adhesion of tested Lactobacillus strains was exam-
ined by adding bacterial suspension (108 CFU per well) to 
Caco-2 monolayers at the multiplicity of infection (MOI) 
of 1:1000. Each plate with Caco-2 cells was centrifuged at 
240×g for 5 min, followed by 2 h of incubation at 37 °C. 
Aft er the incubation, the Caco-2 monolayers were washed 
three times with sterile phosphate-buﬀ ered saline (PBS) 
(pH=7.2) and treated with 0.05 % Triton X-100 (Sigma-Al-
drich Chemie GmbH, Taufk irchen, Germany). The num-
ber of bacteria was determined by plating 10-fold dilution 
on MRS agar. For quantitative assessment of the adhe-
sion, Caco-2 cells were added to 24-well plates with ster-
ile cover slips and incubated for 2 h for cell att achment. 
Furthermore, Caco-2 cells were infected under previously 
described conditions and aft er 2 h of incubation the 
monolayers were washed three times with sterile PBS 
(pH=7.2), fi xed with methanol and stained with Giemsa 
stain (Sigma-Aldrich Chemie GmbH) and examined mi-
croscopically (model IX51; Olympus, Tokyo, Japan). Each 
adherence assay was conducted in triplicate, and the 
number of adherent bacteria was counted on about 100 
Caco-2 cells in randomly selected microscopic fi elds.
The eﬀ ect of L. plantarum strains on Salmonella adhesion 
to Caco-2 cells
To study the eﬀ ect of the tested lactobacilli on Salmo-
nella adhesion, exclusion and competition assays were 
used. For the pretreatment experiment (exclusion assay) 
suspensions of lactobacilli (108 CFU per well) were added 
on monolayers of Caco-2 cells in antibiotic-free DMEM 
medium with 10 % of FCS. The plates were then centri-
fuged at 240×g for 5 min to allow the probiotic bacteria to 
adhere to the cells and incubated for 2 h at 37 °C in atmo-
sphere with 5 % CO2. The success of the adherence was 
observed using inverted microscope (model IX51; Olym-
pus). Upon completion of the incubation period, the 
monolayers of Caco-2 cells were washed three times with 
sterile PBS and the Salmonella suspension (106 CFU per 
well) in antibiotic-free DMEM with 10 % FCS was added 
and incubated for additional 2 h. For the co-incubation 
(competition assay), L. plantarum strains and Salmonella 
(108 CFU per well and 106 CFU per well in antibiotic-free 
DMEM with 10 % of FCS, respectively) were added to 
Caco-2 cells and incubated for 2 h. At the end of both ex-
periments, the cells were washed three times in PBS to re-
move any unatt ached bacteria and treated with 0.05 % 
Triton X-100. The number of bacteria was determined by 
plating the 10-fold dilution on LB agar. The Trypan Blue 
(Sigma-Aldrich Chemie GmbH) test was used to examine 
the Caco-2 cell viability throughout the adhesion studies.
Statistical analysis
The data were analysed using STATISTICA commer-
cial soft ware, v. 12.0 (StatSoft , Tulsa, OK, USA). Results 
are expressed as mean value±standard deviation (S.D.). 
Normality of the data distribution was assessed by the 
Kolmogorov-Smirnov normality test. The distribution qua-
 lifi ed the normality test, so nonparametric tests were ap-
plied. Diﬀ erences between groups of samples were anal-
ysed by the Kruskal-Wallis ANOVA on ranks test, while 
the infl uence of L. plantarum strains on Salmonella Typh i-
murium was tested by Mann-Whitney U test. Diﬀ erences 
with p<0.05 were considered to be statistically signifi -
cant.
Results
General characterisation of L. plantarum strains
Observed carbohydrate fermentation patt erns con-
fi rmed the species identifi cation according to the API sys-
tem database with 99.5–99.9 % ID similarity (data not 
shown). MALDI-TOF MS analysis presented specifi c spec-
tra allowing discrimination between closely related spe-
cies and classifi cation at subspecies level. Comparability 
of the match to the reference is expressed from 0 (no 
match) to 1000 (perfect identity) and converted into log 
score in the range of 0–3. L. plantarum A strain gave scores 
of 2.443, L. plantarum B strain of 2.448 and L. plantarum S1 
strain of 2.403. Applying the recommended criteria, score 
≥2.3 indicates highly probable L. plantarum species identi-
fi cation.
All tested lactobacilli were capable of growing in BHI 
broth containing 1 % bile salts, despite the lower growth 
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rate than the growth in plain BHI broth. All three L. plan-
tarum strains were able to reduce pH in the BHI and MRS 
broths to pH of approx. 4. The strains were also metaboli-
cally active in BHI broth with 1 % bile salts, reducing the 
pH to around 6.0, compared to control BHI where pH 
was adjusted to 7.2 (Table 1).
Functional characterisation of L. plantarum strains
The antibacterial eﬀ ect of CFS of each L. plantarum 
strain on the S. Typhimurium was tested by the agar well 
diﬀ usion assay. There were no diﬀ erences in the diameter 
of growth inhibition zones among the tested Lactobacillus 
strains and all strains showed anti-Salmonella activity (Ta-
ble 2). Moreover, the antibacterial activity of CFS was 
evaluated aft er neutralisation to pH=7.0 and heat treat-
ment. Neutralisation of the pH resulted in a complete loss 
of antibacterial activity of lactobacilli, while heat treat-
ment had almost no impact on the inhibitory eﬀ ect of CFS 
(Table 2).
Furthermore, the eﬀ ect of L. plantarum strains on S. 
Typhimurium growth in BHI was examined. All tested L. 
plantarum strains inhibited S. Typhimurium growth (p< 
0.05) at all time points (6, 12 and 24 h) in co-culture assay 
in BHI broth and there were no statistically signifi cant 
diﬀ erences among the strains (Fig. 1). Aft er 24 h of co-cul-
tivation, the number of Salmonella cells was reduced 1000 
times in comparison with Salmonella monoculture. The in-
hibition was most pronounced aft er 12 h of co-incubation 
and amounted to 97, 98 and 94 % by strains A, B and S1, 
respectively.
The adhesive properties of L. plantarum strains were 
examined on human enterocyte cell line, Caco-2 cells. The 
results showed that aft er 2 h, strains A and S1 showed 
higher adhesion ability to Caco-2 cells (approx. 105 and 
104 CFU/mL, respectively), than strain B (103 CFU/mL) 
(Fig. 2). The number of adhered L. plantarum strains A and 
S1 per eukaryotic cell was 5 to 10, and of strain B 1 to 5 
(Fig. 2).
The same model was used to test the adhesion of pre-
treated S. Typhimurium or simultaneously incubated S. 
Typhimurium with Lactobacillus strains to Caco-2 cells. 
Results indicated that the pretreatment of L. plantarum 
strain A (p=0.0045) and strain S1 (p=0.0067) signifi cantly 
reduced the adhesion of Salmonella cells to Caco-2 cells 
(Fig. 3), where the strain S1 was the most eﬀ ective. The 
number of adhered Salmonella aft er 2 h of simult aneous 
incubation with all L. plantarum strains was signifi cantly 
lower than the number of Salmonella cells alone. There 
were no diﬀ erences among L. plantarum strains (Fig. 3). 
The comparison of the infl uence of Lactobacillus strains in 
pretreatment and in simultaneous incubation with S. Ty-
phimurium showed that the simultaneous incubation 
with strain B was the most eﬀ ective in the inhibition of 
Salmonella adhesion to Caco-2 cells.
Table 1. Growth characteristics of Lactobacillus plantarum isolates 
Lactobacillus plantarum
A600 nm
Strain A Strain B Strain S1
BHI broth  5.87 4.73 5.97
BHI broth + 1 % bile salts 1.5*   2.14*   3.59*
Initial pH Medium pH aft er 24 h
BHI broth 7.2   (4.2±0.1)*   (4.1±0.1)*   (4.1±0.1)*
MRS broth 6.5   (3.9±0.1)*   (3.9±0.1)*   (3.9±0.1)*
BHI broth + 
1 % bile salts
7.2 6.1±0.1 6.1±0.1 6.1±0.1
Asterisk indicates diﬀ erences between strains A, B and S1 and 
the control at p<0.05
Table 2. Antibacterial activity of the cell-free supernatants (CFS) 
of Lactobacillus plantarum strains against S. Typhimurium
Treatment
L. plantarum CFS
Strain A Strain B Strain S1
Zone of inhibition/mm
untreated 8.0±1.0 8.6±0.6 8.3±0.6
pH=7.0 5.0±0.0 5.0±0.0 5.0±0.0
heat treatment 
(5 min at 100 °C)
7.6±0.6 8.3±0.6 8.0±0.0
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Fig. 1. The inhibitory activity of Lactobacillus plantarum strains 
A, B and S1 co-cultured with Salmonella Typhimurium (S.T.). 
Values are mean±standard deviations of the results from two 
separate experiments. Asterisk indicates diﬀ erences between 
S.T.+A, S.T.+B and S.T.+S1 and the control at p<0.05
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Fig. 2. Adhesion properties of Lactobacillus plantarum: a) adhe-
sion of strains A, B and S1 to Caco-2 cells. Values are mean± 
standard deviation of the results from two separate experi-
ments. Asterisk indicates diﬀ erences between the tested groups 
at p<0.05; b) microphotographs (magnifi cation of 1000×) show 
adhesion of L. plantarum strain A to the Caco-2 cells (arrows). 
Slides were stained with Giemsa stain
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Discussion
Several representatives of Lactobacillus genus includ-
ing L. plantarum species were found to exhibit probiotic 
activity (29). Many traditional lactic acid-fermented foods, 
dominantly dairy products are considered as ideal carri-
ers for probiotic bacteria (5,30). Additionally, traditional 
dairy products may also be used as an ideal source for the 
isolation of novel probiotic lactic acid bacteria (2). How-
ever, as these bacterial strains diﬀ er in their characteris-
tics, it is necessary to thoroughly examine their functional 
properties including antimicrobial activity and persis-
tence in the gastrointestinal tract with reference to their 
ability to adhere to epithelial cells (31). In this study of 
relevant functional characteristics of three new L. plan ta-
rum strains (A, B and S1) and their activity against gut 
pathogen S. Typhimurium were evaluated in order to de-
termine their probiotic potential. Candidate strains are 
supposed to meet the safety rules as they originate from 
popular types of traditional dairy products (strain A from 
homemade cow′s cheese, B from homemade sheep′s cheese 
and S1 from whey), which are commonly and widely 
used for food. Biochemical and phenotypic characterisa-
tion were performed confi rming these are three diﬀ erent 
isolates of the same species of L. plantarum.
All three strains demonstrated the ability to reduce 
pH of diﬀ erent media, and were able to grow in the pres-
ence of bile salts. Lactobacilli ferment carbohydrates and 
produce high concentrations of lactic acid, which decreas-
es the pH of their environment and enhances antimicro-
bial eﬀ ectiveness (26).
Resistance to bile salts was evaluated under the con-
ditions which mimic those in the gastrointestinal tract. 
Bacteria that are tolerant to bile salts are more promising 
as probiotic candidates, because it enables them to sur-
vive in the environment of small intestine (32).
In order to categorise certain bacteria as a probiotic, it 
is also necessary to exhibit antagonistic eﬀ ect against 
pathogenic bacteria and adhesion to the intestinal epithe-
lium. Since Salmonella is one of the frequent causes of in-
fection of the digestive tract (33), we decided to use it as a 
test microorganism for antibacterial properties of our po-
tentially probiotic bacteria. Salmonella species are faculta-
tive intracellular bacteria, capable of invading, surviving, 
and oft en multiplying within diverse eukaryotic cell 
types, including epithelial and phagocytic cells (21). Ad-
hesion to the intestinal epithelial surface is a key step in 
pathogenesis and is central to colonisation of the intestine 
(34,35).
The antimicrobial eﬀ ect of CFS of all three L. planta-
rum strains against S. Typhimurium was fi rst shown by 
well diﬀ usion method, and the zone of inhibition ranged 
from 8.0 to 8.6 mm. The complete loss of their antibacteri-
al activity was determined aft er neutralisation of pH, sug-
gesting that the organic acids produced during fermenta-
tion were most probably responsible for the inhibitory 
eﬀ ect. Furthermore, the signifi cant acidifi cation of the 
medium (pH≈4.0) occurred aft er 24 h of incubation of L. 
plantarum strains in BHI broth. It seems that low pH of 
Lactobacillus CFS is most likely responsible for the inhibi-
tion of S. Typhymurium growth. The antimicrobial eﬀ ect 
of organic acids has been observed when using several 
Lactobacillus species (26,36). The growth-inhibiting activi-
ty of diﬀ erent probiotic bacteria against pathogens such 
as Gram-negative S. Typhimurium, E. coli or Campy lo bac-
ter jejuni, and Gram-positive bacteria Enterococcus faeca lis 
and Clostridium diﬃ  cile was att ributed to a pH reduction 
and/or to the production of organic acids (37). According 
to Millett e et al. (38) antimicrobial eﬀ ect of lactobacilli in 
co-culture with pathogenic bacteria is mainly due to pro-
duction of organic acids, which results in pH reduction, 
although they can produce some other substances as well.
The capability of L. plantarum isolates to inhibit the 
growth of Salmonella was evaluated in co-cultivation ex-
periments in vitro. An inhibitory eﬀ ect of all tested L. 
plantarum strains, regardless of the length of incubation, 
was shown. The results of the present study indicate that 
the inhibitory activity of all three Lactobacillus strains was 
mostly due to the pH eﬀ ect, which is even more pro-
nounced in Salmonella because they are sensitive to low 
pH. Besides the production of diﬀ erent inhibitory mole-
cules during co-cultivation, lactobacilli have the ability to 
coaggregate with numerous pathogens, inhibiting the 
overgrowth and proliferation of pathogenic microorgan-
isms (39). We have previously shown that the same three 
strains of L. plantarum are capable of high autoaggrega-
tion (≥80 %) and marked coaggregation with diﬀ erent en-
teropathogens including S. Typhimurium (around 20 %) 
(40). It can be assumed that due to very close proximity of 
both bacteria, antimicrobial substances released by lacto-
bacilli can directly inhibit Salmonella.
Further important characteristics of probiotics are 
their own adherence to intestinal epithelial cells, as well 
as the prevention of the adhesion of pathogenic bacteria 
(41,42). Adherence of probiotic bacteria to the intestinal 
epithelium is an important characteristic as it promotes 
colonisation and long-time persistence. Our results 
showed that all strains were capable of adhering to Caco- 
-2 cells, although L. plantarum strains A and S1 had bett er 
adhesive properties.
To test the infl uence of lactobacili on Salmonella adhe-
sion to Caco-2 cells, two types of experiments were done: 
pretreatment (L. plantarum was incubated with Caco-2 
cells fi rst, and then Salmonella was added), and co-incuba-
pretreatment co-incubation
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Fig. 3. Number of Salmonella Typhimurium (S.T.) bacteria ad-
hered to Caco-2 cells, depending on the pretreatment and the 
simultaneous incubation with L. plantarum strains A, B and S1 
(co-incubation) during 2 h of incubation. Mean values±standard 
deviations of at least three independent experiments are shown. 
Single asterisk indicates diﬀ erences between S.T.+A, S.T.+B and 
S.T.+S1 and the control (S.T.), and two asterisks indicate diﬀ er-
ences among treated groups (S.T.+B) by ANOVA on ranks test 
at p<0.05
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tion (both bacteria were added to Caco-2 cells simultane-
ously). In order to exclude the infl uence of the pH, to 
which Caco-2 cells are extremely sensitive, bacteria were 
prepared in DMEM medium supplemented with 10 % 
FCS. The pH of the DMEM medium was monitored dur-
ing each experiment and it was stable (7.2–7.5). Also, the 
viability of Caco-2 cells was tested during experiments 
and the percentage of survival was over 90 % (data not 
shown). The results showed that all Lactobacillus strains 
interfered with S. Typhimurium adhesion to Caco-2 cells 
regardless of whether the Caco-2 cell were pretreated or 
co-incubated with the tested strains. Most probably Lacto-
bacillus, similarly to Salmonella, uses receptor-type adhe-
sion mechanism on Caco-2 cells and thus signifi cantly at-
tenuates its adhesion. The number of adhered Salmonella 
in the presence of any of the three Lactobacillus strains was 
signifi cantly lower aft er the pretreatment (approx. 104 
CFU per well) or aft er co-incubation (approx. 103 CFU/
well) than the number of Salmonella alone (approx. 105 
CFU per well)
Jankowska et al. (43) have shown that the presence of 
L. paracasei aﬀ ected S. enterica adhesion to Caco-2 cells (4- 
-fold reduction), but the anti-adhesion activity was even 
more pronounced (8-fold) when L. paracasei was preincu-
bated with Caco-2 cells prior to Salmonella addition. In the 
same study, Lactobacillus spent culture supernatants (SCS) 
acted as weaker inhibitors of Salmonella adhesion. In con-
trast, Lehto and Salminen (26) showed that only SCS of 
Lactobacillus strain GG, and not bacteria alone inhibited 
the adhesion of S. Typhimurium to Caco-2 cells and that 
the inhibition of SCS was most likely because of low pH. 
In our study, the infl uence of SCS of L. plantarum strains 
was not further tested because of the weak viability of 
Caco-2 cells in a preliminary experiment. We can postu-
late that inhibition of Salmonella adherence by all three 
Lactobacillus strains was because of the competition for 
eukaryotic cell receptors, although it may also involve 
some of produced or secreted antimicrobial compounds.
Conclusion
The results presented in this study demonstrated that 
all three Lactobacillus plantarum strains obtained from tra-
ditional dairy products exhibited favourable probiotic 
characteristics like the ability to grow in the presence of 
bile salts and good adhesion to Caco-2 cells, as well as 
good antibacterial activity and the ability to compete with 
Salmonella Typhimurium for adhesion sites on Caco-2 
cells. Our results indicate that L. plantarum A, B and S1 
strains are promising candidates with probiotic proper-
ties.
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